Since the performance of high-resolution direction finding algorithm for HF Ground Wave Radar (GWR) is severely degraded by sensor phase and amplitude errors, the radar system's phase calibration is the prerequisite of keeping the radar working in order. According to the characteristic of HF GWR's sea echo, this paper, based on an arbitrary triangular array, presents that Space -Time DOA(direction of arrival) Matrix Method, which is used to estimate 2D DOA under ideal conditions, can be used to estimate planar wave's DOA and sensor phase and amplitude errors simultaneously so as to achieve self-calibration. Its validity is verified not only by computer simulation, but also by comparing treatment results of measured data before and after calibration with the GPS-measured result.
Introduction
In fact, most of the recent high-resolution spatial spectrum estimation algorithms (such as MUSIC [1] , ESPRIT [2] , et al), which perform well, are based on the assumption that the array manifold is known exactly. However, in a practical system, these algorithms are severely degraded and even out of work [3, 4, 5] due to unavoidable perturbations in array manifold. Calibration with auxiliary sources and self-calibration are the two normal ways of array calibration. Calibration with auxiliary sources is impractical because it requires the exact position information of the sources and costs very much. Self-calibration is the nowadays research focus, and many self-calibration algorithms have arose. An HF Ground Wave Radar, working in shortwave band, usually consists of a large phase-controlled antenna array close to the seashore. It's difficult to calibrate this system's antenna array with auxiliary sources. So the problem becomes significant that how to calibrate the radar system' channels by making use of detected targets. As to HF GWR, it is unnecessary to estimate the elevation of the targets' echo that comes mainly from ocean's surface, so the HF Ground wave radar's antenna system is usually a uniform linear array (ULA). The two-dimension array constructed by adding new antennae to the ULA can estimate the 2D direction of arrival (DOA) of targets' echo. The two-dimension array will get redundant information when the DOA of echo is just one dimensional. Based on the premise that echo is one dimensional, our primary idea is to exploit the redundancy in order to achieve the HF Ground wave radar's channels' self-calibration.
In this paper, the shape of the array consisting of three whips is an arbitrary triangle. Space -Time DOA Matrix Method was initially devised to estimate 2D DOA based on precise knowledge of array manifold, but its formula under amplitude and phase errors can be deduced when echo is planar wave. DOA and phase perturbations can be estimated simultaneously through the redundancy generated by the 2D DOA technique applied to one dimension DOA estimation.
2、 Signal Model
Consider a triangular array with 3 sensors ( 1 X , 2 X , M X ) as Fig.1 (1), (2) are written in a matrix form as:
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According to the definition of correlation, the correlation matrices of ( ) M x t and 2 ( ) x t with each sensor are
.Thus (8) and (9) can be rewritten as
where Φ is D D × dimensional diagonal matrix. 
Respectively, when , 2 , [ ( ), (2 ), ,
From (10), we can get
where 
The algorithm
In summary, the steps of the algorithm are: Step1: estimate the number of sources in the received signal;
Step2: construct spatial time DOA matrix TS R from (8), (9), (12), (13); Step3: eigen-decompose TS R ;
As to the k -th source, we can get 3 equations: Step4: form simultaneous equations to solve DOA, amplitude and phase errors. Amplitude errors can be figured out directly from (17), (18). ( cos sin )
Since (24) is just a linear combination of (23) 
The DOA of arrival and phase errors can be obtained through solving the equations. If there is only one source in the received signal, four equations like (25) ~ (28) can also be constructed by combining this group of signal with another group of received signal. Thus the DOA and phase errors can be figured out.
From the previous demonstration, it can be concluded that DOA, amplitude and phase errors can be estimated simultaneously by redundancy generated by applying Spatial Time DOA Matrix Method to one dimension DOA estimation.
Computer Simulation
Assuming there are two arrays, one is a right triangle whose 13.3 It can be concluded from the table that when the SNR is low, a single result of the phase errors may be far from the value previously set because of the noise and the error introduced by process of solving the equations. However, the mean of the results is very close to the set value even under low SNR conditions.
Measured Data
Select the data collected at 11:20 on 26 June, 2004 by OSMAR2000 of Wuhan University. The shapes of the two arrays consisting of three whips are a right triangle and an obtuse one (showed in Fig.2 ).
Estimate the DOA of the boat's echo by MUSIC. The following table compares treatment results of measured data before and after calibration with the boat's azimuth measured by GPS.
This table verifies that the performance of MUSIC has been improved remarkably.
Conclusion
It can be concluded both from the computer simulation and measured data that this algorithm can calibrate the HF Ground wave radar system's triangular antenna array well so as to greatly improve the performance of MUSIC. Though the calibrating results of phase errors wave around the true errors when the SNR is low, the mean of the results is very close to the true value. All these verify that this algorithm is effective and valid. 
